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None of the documents cited in the ISR describes a substrate treating method, in which (1) control is 
made to ensure the relation of T 1 ^ T2 < T3 < the boiling point of an organic solvent, where T 1 is the 
temperature in a steam generating section; T2 is the temperature of the mixed gas consisting of the organic 
solvent and an inert gas in the range from the steam generating section to a spray nozzle; and T3 is the 
temperature of the dry gas sprayed from the spray nozzle, and (2) the dry gas sprayed from the spray nozzle is 
made to contain an organic solvent mist of sub-micron size. This constitution is not considered to be obvious to 
a person skilled in the art either. 

Claims 6-9 

None of the documents cited in the ISR describes a substrate treating apparatus, in which (1) control is 
made to ensure the relation of Tl < T2 < T3 < the boiling point of an organic solvent, where Tl is the 
temperature in a steam generating section; T2 is the temperature in a first pipe; and T3 is the temperature in a 
spray nozzle, and (2) the dry gas sprayed from the spray nozzle is made to contain an organic solvent mist of 
sub-micion size. This constitution is not considered to be obvious to a person skilled in the art either. 
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surface area expressed by a summation of the mists can be increased by 
causing the number of mists to increase. When the organic solvent vapor 
in which the surface area of the entire number of mists is increased is 
injected to the substrate surface, the organic solvent vapor can cover all 
water droplets adhering to the substrate, so that the organic solvent can 
efficiently be substituted for the water droplets. 

The first object of the invention is to provide a substrate processing 
method in which not only high-quality substrate surface processing is 
realized but in which processing time is also shortened by using dry gas 
containing micro-size organic solvent mist. 

The second object of the invention is to provide a substrate 
processing method in which not only high-quality substrate surface 
processing is realized but in which the processing time is shortened by 
adjusting the concentration of micro-size organic solvent mist in the dry 
gas. 

The third object of the invention is to provide a substrate processing 
apparatus in which not only high-quality substrate surface processing is 
realized but in which the processing time is shortened by easily forming 
the dry gas containing micro-size organic solvent mist. 

The fourth object of the invention is to provide a substrate 
processing apparatus in which not only high-quality substrate surface 
processing is realized but in which the processing time is shortened by 
adjusting the concentration of micro-size organic solvent mist in the dry 
gas. 

In order to solve the above problems, the substrate processing 
method according to claim 2 of the present invention, in which the surface 
of a substrate is dried by injecting it with dry gas consisting of a mixture 
of an organic solvent vapor and an inert gas, characterized in that the dry 
gas is formed by bubbling the inert gas in an organic solvent in a vapor 
generating unit, wherein the temperature of the vapor generating unit is 
set at Ti, the temperature of the mixed gas containing the organic solvent 
and the inert gas is set at T2 from the vapor generating unit to a jet nozzle. 



8 



Substitute Page 



and the temperature of the dry gas emitted from the jet nozzle is set at T3, 
the temperatures being controlled such that the following relationship 
holds- Ti < T2 < T3 < the boiling point of the organic solvent, and the dry 
gas emitted from the jet nozzle consists of organic solvent mists of 
submicron size.. 

According to the substrate processing method described in claim 2, 
the mixed gas is obtained by bubbling the inert gas in the organic solvent, 
and the mixed gas is formed out of the inert gas which includes the 
organic solvent vapor containing the organic solvent mist and organic 
solvent gas whose concentration is lower than the saturation point. The 
temperature of the mixed gas is controlled or maintained at constant 
temperature or gradually increased until the mixed gas is emitted from 
the jet nozzle. Therefore, the organic solvent is gradually vaporized from 
the surface of the organic solvent mist as to decrease the diameter of the 
mist particles during movement and the dry gas including the organic 
solvent mist of submicron size is easily obtained. Further, since the mist 
contained in the organic solvent vapor is minimized to submicron size, the 
number of particles of the organic solvent mist can be increased without 
increasing the amount of organic solvent to be consumed. Further, 
although the surface area of the individual mist is decreased, the whole 
surface area which is the summation of the surface areas of the particular 
mists can be increased by causing the number of mists to increase. 
Therefore, since a large amount of mists of submicron size can be emitted 
onto the substrate surface, a large amount of the organic solvent mist of 
submicron size is efficiently substituted for the rinsing solution adhering 
to the substrate. As a result, even if many substrates having a large 
diameter are loaded in the processing vessel, since the mists of submicron 
size can rapidly cover spaces between substrates, the processing time can 
be shortened while the level of drying processing efficiency is improved, 
and the generation of water marks can be extremely avoided or 
substantially eliminated in the substrate surface. Further, particle 
adhesion is eliminated and the speed of drying processing is increased, so 
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that re-adhesion of particles can be prevented. 

The invention according to claim 3 of the subject application is a 
substrate processing method in which a substrate surface is dried by 
injecting dry gas containing a mixture of an organic solvent vapor and an 
inert gas to a substrate, the substrate processing method characterized in 
that the dry gas comprising a mixture of inert gas and the organic solvent 
vapor is further diluted with dilution gas of the same kind of inert gas, the 
mixed gas being formed by bubbling the inert gas in an organic solvent in 
a vapor generating unit, wherein the temperature in the vapor generating 
unit is set at Ti, the temperature of the mixed gas is set at T2' from the 
vapor generating unit until the mixed gas is diluted with the dilution gas, 
the temperature of the dilution gas is set at T4, the temperature of the 
mixed gas containing the organic solvent and the inert gas is set at T2" to 
the jet nozzle after the mixed gas is diluted with the dilution gas, and the 
temperature of the dry gas emitted from the jet nozzle is set at T3, and the 
temperatures are controlled such that the following relationship holds' Ti 
< T2' < T4 < T2" < T3 < boiling point of organic solvent, and the organic 
solvent mist of submicron size is included in the dry gas emitted from the 
jet nozzle. 

According to the substrate processing method described in claim 3, 
the mixed gas formed in the vapor generating unit out of the inert gas and 
the organic solvent vapor containing the organic solvent mist and the 
organic solvent gas whose concentration is lower than saturation point, is 
further diluted with additional dilution gas of the same kind of inert gas 
used in the bubbling. The concentration of organic solvent vapor is further 
reduced in the mixed gas while the possibility of the organic solvent mist 
being condensed diminishes, and the IPA mist can be carried between the 
wafers. Therefore, since temperature is controlled such that the mixed 
gas is kept at constant temperature or gradually increased until the mixed 
gas is emitted from the jet nozzle, the speed and efficiency with which a 
part of the organic solvent is vaporized from the surface of the organic 
solvent mist to become the micro mist are increased, and the large amount 
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of dry gas containing the organic solvent mist of submicron size is 
obtained while the concentration thereof remains low, which allows a large 
quantity of the organic solvent mist of submicron size to be continuously 
injected to the substrate surface. Even if many substrates having a large 
diameter are loaded in the processing vessel, since the mist of submicron 
size can rapidly invade the gaps between substrates, the continuously 
supplied large amounts of organic solvent vapor of submicron size are 
rapidly substituted for the rinsing solution adhering to the substrate. As a 
result, the processing time can be shortened while the level of drying 
processing efficiency is improved, and acceleration of the drying processing 
is likewise achieved. Accordingly, the processing time can be shortened 
while the level of drying processing efficiency is improved without 
increasing the amount of organic solvent consumed, and the generation of 
water marks can be extremely avoided or substantially eliminated in the 
substrate surface. Further, particle adhesion is eliminated and the speed 
of drying processing is increased, so that re-adhesion of the particle can be 
prevented. 

In the substrate processing method described in either of claims 2 
or 3, the invention according to claim 4 of the subject application is 
characterized in that the organic solvent is at least one kind selected from 
a group including isopropyl alcohol, diacetone alcohol, l-methoxy-2- 
propanol, ethyl glycol, 1-propanol, 2- propanol, and tetrahydrofuran, and 
the inert gas is at least one kind selected from a group including nitrogen, 
argon, and helium. 

According to the substrate processing method described in claim 4, 
the selection width of the organic solvent and the inert gas is broadened, 
and the substrate processing apparatus can be applied to various kinds of 
the substrate processing by an arbitrary combination. 

The substrate processing apparatus according to claim 6 of the 
invention refers to a substrate processing apparatus comprises a vapor 
generating unit which generates a mixture of an organic solvent vapor and 
an inert gas by bubbling the inert gas in an organic solvent; support 
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means for supporting a plurality of substrates to be vertically arranged in 
parallel at equal pitches?' a rinsing processing vessel which accommodates 
the plurality of substrates supported by the support means» a lid for 
covering the upper opening of the rinsing processing vessel; jet nozzles 
which are provided in the lid; and first piping which allows the vapor 
generating unit and the jet nozzles to communicate with each other, the 
substrate processing apparatus characterized in that the first piping and 
the jet nozzles are respectively equipped with heaters, wherein the 
temperature in the vapor generating unit is set at Ti, the temperature in 
the first piping is set at T2, and the temperature in the jet nozzle is set at 
T3, and the temperatures are controlled by the respective heaters such 
that the following relationship holds* Ti < T2 < T3 < boiling point of organic 
solvent, and the organic solvent mist of submicron size is included in the 
dry gas emitted from the jet nozzle. 

According to the substrate processing apparatus described in claim 
6, the dry gas including the organic solvent of submicron size can easily be 
formed by controlUng the heaters at appropriate locations, and thus the 
substrate processing apparatus which can easily carry out the substrate 
processing method described in claim 2, 

According to claim 7 of the invention, the substrate processing 
apparatus comprises a vapor generating unit which generates a mixed gas 
of an organic solvent vapor and an inert gas by bubbling the inert gas in 
an organic solvent; support means for supporting a plurality of substrates 
to be vertically arranged in parallel at equal pitches; a rinsing processing 
vessel which accommodates multiple substrates supported by the support 
means; a lid for covering the upper opening of the rinsing processing 
vessel; jet nozzles which are provided in the lid; and first piping which 
allows the vapor generating unit and the jet nozzles to communicate with 
each other, the substrate processing apparatus characterized in that a 
second piping is provided and connected to the middle portion of the first 
piping for supplying dilution gas of the same kind of inert gas, whereby 
the first piping, the second piping, and the jet nozzles are respectively 
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equipped with heaters, wherein the temperature in the vapor generating 
unit is set at Ti, the temperature in the first piping is set at T2' from the 
vapor generating unit to the point at which it is connected with the second 
piping, the temperature in the second piping is set at T4, the temperature 
in the first piping is set at T2" the point at which it is connected with the 
second piping to the nozzle, and the temperature in the jet nozzle is set at 
T3, and the temperatures are controlled by the respective heaters such 
that the following relationship holds: Ti < T2 < T4 < T2" < T3 < boiling point 
of organic solvent, and the organic solvent mist of submicron size is part of 
the dry gas emitted from the jet nozzle. 

According to the invention of the substrate processing apparatus 
described in claim 7, the substrate processing apparatus can easily carry 
out the substrate processing method described in claim 3. 

According to claim 8 of the invention, the substrate processing 
apparatus described in claim 7 is further characterized in that a static 
mixer is provided downstream fi'om the point of connection between the 
first piping and the second piping and upstream in respect of the jet nozzle. 

According to the substrate processing apparatus described in claim 

8, in the substrate processing apparatus described in claim 7, since the 
static mixer is provided downstream fi*om the point of connection between 
the first piping and the second piping and upstream in respect of the jet 
nozzle, the inert gas, the organic solvent mist, and the organic solvent gas 
are sufficiently mixed to obtain a homogeneous mixed gas. Therefore, the 
formation efficiency of the micro mist is improved. 

According to claim 9 of the invention, the substrate processing 
apparatus described in any one of claims 6 to 8, is characterized in that 
the organic solvent is at least one kind selected fi*om a group including 
isopropyl alcohol, diacetone alcohol, l-methoxy-2-propanol, ethyl glycol, 1- 
propanol, 2-propanol, and tetrahydrofuran, and the inert gas is at least 
one kind selected fi-om a group including nitrogen, argon, and helium. 

According to the substrate processing apparatus described in claim 

9, the selection width of the organic solvent and the inert gas is broadened, 
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and the substrate processing apparatus can be applied to various kinds of 
substrate processing by any arbitrary combination. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a sectional view showing a substrate processing apparatus 
according to an embodiment of the invention; 

Fig. 2 is a side view showing a processing vessel referred to in the 
embodiment of the invention; 

Fig. 3 is a side view showing the processing vessel of Fig. 2 when 
viewed from the opposite side; 

Fig. 4 is a plane phantom view of the processing vessel referred to 
in the embodiment of the invention when viewed from an upper portion of 
the hd thereofi 

Fig. 5 is a side view of the lid illustrated in Fig. 4; 

Fig. 6 is a view showing a timing chart of a series of processing 

steps; 

Fig. 7 shows a cleaning and drying process. Fig. 7(a) is a sectional 
view illustrating the cleaning process. Fig, 7(b) is a sectional view 
illustrating the drying process 1, Fig. 7(c) is a sectional view illustrating 
the drying process 2, and Fig. 7(d) is a sectional view illustrating the 
drying process 3; 
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CLAIMS 

1. (Delete) 

2. (After amendment) A substrate processing method in which a 
substrate surface is dried by injecting it with dry gas comprising a mixture of 
an organic solvent vapor and an inert gas, 

the substrate processing method characterized in that the dry gas is 
a mixture of inert gas and the organic solvent vapor, wherein the mixed gas 
is formed by bubbling the inert gas in an organic solvent in a vapor 
generating unit, 

wherein the temperature in said vapor generating xmit is set at Ti, 
the temperature of the mixed gas containing the organic solvent and 

the inert gas is set at T2 from the vapor generating unit to a jet nozzle, and 
the temperature of the dry gas emitted from the jet nozzle is set at T3, 
and the temperatures are . controlled such that the following 

relationship holds: 

Ti < T2 < T3 < boiling point of organic solvent, and 

the organic solvent mist of submicron size is part of the dry gas 

emitted from said jet nozzle. 

3. (After amendment) A substrate processing method in which a 
substrate surface is dried by injecting it with dry gas containing a mixture of 
an organic solvent vapor and an inert gas, 

the substrate processing method characterized in that the dry gas 
containing the mixture of inert gas and the organic solvent vapor is further 
diluted with dilution gas of the same kind of inert gas, wherein the mixed 
gas is formed by bubbling the inert gas in an organic solvent in a vapor 
generating unit, 

wherein the temperature in the vapor generating unit is set at Ti, 
the temperature of the mixed gas is set at T2' from the vapor 
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generating unit until the mixed gas is diluted with the dilution gas, 
the temperature of the dilution gas is set at T4, 

the temperature of the mixed gas containing the organic solvent and 

the inert gas is set at T2" to the jet nozzle after the mixed gas is diluted with 

the dilution gas, and 

the temperature of the dry gas emitted from the jet nozzle is set at T3, 
and the temperatures are controlled such that the following 

relationship holds: 

Ti < T2' < T4 < < T3 < boiling point of organic solvent, and 

the organic solvent mist of submicron size is included in the dry gas 

emitted from the jet nozzle. 

4. (After amendment) A substrate processing method according to 
claim 2 or claim 3, characterized in that the organic solvent is at least one 
kiiid selected from a group including isopropyl alcohol, diacetone alcohol, 
l-methoxy-2-propanol, ethyl glycol, 1-propanol, 2- propanol, and 
tetrahydrofuran, and said inert gas is at least one kind selected from a group 
including nitrogen, argon, and helium, 

5. (Delete) 

6. (After amendment) A substrate processing apparatus including: 

a vapor generating imit which generates a mixed gas of an organic 
solvent vapor and an inert gas by bubbling the inert gas in an organic 
solvent; 

support means for supporting a plurality of substrates vertically 
arranged in parallel at equal pitches; 

a rinsing processing vessel which accommodates the plurality of 
substrates supported by the support means; 

a lid for covering the upper opening of said rinsing processing vessel; 

jet nozzles which are provided in the lid; and 



32 



first piping which allows the vapor generating unit and the jet 
nozzles to communicate with each other, 

the substrate processing apparatus characterized in that the first 
piping and the jet nozzles are respectively equipped with heaters, 

wherein the temperatiu-e in the vapor generating unit is set at Ti, 

the temperature in the first piping is set at T2, and 

the temperature in the jet nozzle is set at T3, 

and the temperatures are controlled by the respective heaters such 
that the following relationship holds: 

Ti < T2 < Ta < boiling point of organic solvent, and 

the organic solvent mist of submicron size is part of the dry gas 
emitted from the jet nozzle. 

7. (After amendment) A substrate processing apparatus including: 

a vapor generating unit which generates a mixed gas of an organic 
solvent vapor and an inert gas by bubbling the inert gas in an organic 
solvent; 

support means for supporting a plurality of substrates vertically 
arranged in parallel at equal pitches; 

a rinsing processing vessel which accommodates the plurality of 
substrates supported by the support means; 

a lid for covering the upper opening of said rinsing processing vessel; 

jet nozzles which are provided in the lid; and 

first piping which allows the vapor generating unit and the jet 
nozzles to communicate with each other, 

the substrate processing apparatus characterized in that a second 
piping is provided and connected to the middle portion of the first piping for 
the purpose of supplying dilution gas of the same kind of inert gas, 

the first piping, the second piping, and the jet nozzles are 
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respectively equipped with heaters, 

wherein the temperatxire in the vapor generating unit is set at Ti, 
the temperature in the first piping is set at T2' from the vapor 

generating unit to the point in which it is connected with the second piping, 
the temperature in the second piping is set at Ti, 

the temperature in the first piping is set at Tiz" from the point in 
which it is connected with the second piping to the nozzle, and 
the temperature in the jet nozzle is set at T3, 

and the temperatures are controlled by the respective heaters such 

that the following relationship holds: 

Ti < T2' < T4 < T2" < Ta < boiling point of organic solvent, and 

the organic solvent mist of submicron size is part of the dry gas 

emitted from said jet nozzle. 

8. A substrate processing apparatus according to claim 7, 
characterized in that a static mixer is provided downstream from the point of 
connection between the first piping and the second piping and upstream in 
respect of the jet nozzle. 

9. (After amendment) A substrate processing apparatus described in 
any one of claims 6 to 8, characterized in that the organic solvent is at least 
one kind selected from a group including isopropyl alcohol, diacetone alcohol, 
l-methoxy-2-propanol, ethyl glycol, 1-propanol, 2- propanol, and 
tetrahydrofuran, and said inert gas is at least one kind selected from a group 
including nitrogen, argon, and helium. 
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